ABSTRACT
Introduction
Postoperative adhesions are a common complication following a variety of surgical procedures. In most cases they are clinically asymptomatic. However, following a laparotomy, adhesion formation is associated with serious postoperative complications, including chronic pelvic pain¹ , ², infertility³, and intestinal obstruction 4 . The risk of an inadvertent enterotomy is about 19% higher in those patients who have previously undergone abdominal surgery. Peritoneal ischemia, abrasive manipulation of tissues, infection and inadequate hemostasis, are the most frequent causes of intraperitoneal adhesion formation 6 , which in turn is the most significant cause of intestinal obstruction 7 . During re-operation, dissection between the adhesion and tissue can cause intra-operative complications and lead to longer surgical times 5 . This may lead to further hospitalizations and the need for intensive care and associated higher costs. In light of this, various agents have been studied to prevent the formation of postoperative adhesions, but without proper verification of their effectiveness.
The peritoneum is a membrane of mesodermic origin, covering the abdominal and pelvian cavities and the organs within, and is divided into the parietal and visceral peritoneum. Microscopically, it presents as a layer of flaccid conjunctive tissue, covered by only one layer of cells, the mesothelium 8 Peritoneal inflammation (peritonitis) occurs in response to a variety of infectious (bacteria, virus, fungus, and parasite), and non-infectious stimuli (trauma, surgery, chemical agents, and neoplasia) 9.10 . In the inflamed peritoneum exacerbated permeability results in an increase in volume of the peritoneal fluid and the concentration of proteins, with the subsequent release of chemotactic agents and the migration of leukocytes to the site of inflammation. It is currently presumed that reduced fibrinolytic activity in the peritoneal cavity alters the balance between coagulation and fibrinolytic activity, and is the key-mechanism for the formation of peritoneal adhesions 11 Sodium hyaluronate/carboxymethylcellulose (HA/ CBMC) (Seprafilm, Genzyme, MA) is a bio-reabsorbable membrane that has been shown to reduce the formation of adhesions in animal models and in human studies, and has been approved for clinical use 12, 13, 14, 15 Vitamin E, administered intraperitoneally, has also been shown to be an effective adhesion inhibitor 16 , without promoting adverse systemic effects 17 .
We therefore aimed to compare the use of intraperitoneal vitamin E with HA/CBMC in the prevention of postoperative adhesion formation.
Methods
This study was submitted and approved by the Committee of Ethics in Research of the University of Caxias do Sul.
Sixty Wistar male rats, weighing from 450 to 550 g, were used. They were accommodated in boxes with four animals in each, arranged in their own stand (Alesco®) with an exhaust and an ammonia filter, a temperature of 20º to 22ºC, and a light/dark cycle alternating every 12 hours. All rats received ration (Nuvilab ® ) and water ad libitum. The surgical treatment was carried out under a general anesthesia inhalant containing halothane, and intraperitoneal tiletaminezolazapam (Zoletil ® ). All animals received a prophylactic dose of ampicillin (50 mg/kg) subcutaneously immediately prior to the procedure. Postoperative analgesia was obtained with the use of intramuscular butorphanol tartrate (Turbogesic ® ). The animals were divided into four groups of 15 according to the treatment:
Group 1: induction of adhesions (IA). Group 2: IA + intraperitoneal administration of vitamin E (Sigma Chemical Co, St. Louis, MO) (10 mg/5 mL olive oil, autoclaved prior to use).
Group 3: IA + insertion of the HA/CBMC membrane (measuring 30 mm × 30 mm) between the cecum and the parietal peritoneum.
Group 4: IA + insertion of the HA/CBMC membrane + intraperitoneal administration of vitamin E.
Surgical technique
We used the adhesion induction model described by Hemadeh et al. 30 which resulted in a 100% incidence of adhesions in our controls. The surgeon used talc-free gloves. After anesthesia, a trichotomy was made aseptically with a povidine-iodine solution, followed by an abdominal incision 4 cm, exposing the wall of the cecum. This was rubbed with gauze until the serosa lost its shine and hemorrhagic points appeared. One drop of absolute alcohol was applied to the cecum wall in the area where the wound was provoked, and the cecum was returned to its anatomical position. The parietal peritoneum was clamped with a fine hemostat and a 3-0 silk suture ligature was placed. Before closing the wound, 5 mL of vitamin E dissolved in olive oil was applied to the animals in groups 2 and 4. In groups 3 and 4, a thin plate of HA/CBMC measuring 3 x 3 cm, was placed between the cecum and the abdominal wall. The abdominal cavity was then closed in two layers with simple, continuous sutures of silk 3-0. The animals were euthanized with halothane 30 days post surgery. A surgeon, who did not perform the initial surgery, inspected the cavity and noted the formation of adhesions based on a scale described by Nair et al. 18 ( Table 1) .
Statistical analysis
We calculated that a sample size of 12 animals per group would provide a statistical power greater than 95% for detecting differences in the averages of at least two units of the score (assuming that the standard-deviation of the variable of the result (score) was not greater than 1.3 units).
A comparison of the groups was carried out using the non-parametric Kruskal-Wallis H test followed by the post-hoc procedure on ranks, to detect statistically significant differences among the groups. The level of significance was set to 5%. Analysis was performed using SPSS version 12.0.
Results
During the study, three animals died: one in group 3 (anesthetic induction), and two in group 4 (4 th day post surgery) In group 1 (control group), five animals developed degree 2 adhesions, seven animals developed degree 3 adhesions, and three animals developed degree 4 adhesions. All of these are classified as substantial adhesions. A statistically significant difference was observed in the other groups, relative to the control group. In group 2 (vitamin E), eight animals did not develop adhesions (degree 0) ( Figure  1a) , three animals developed degree 1 adhesions (Figure  1b) , two animals developed degree 2 adhesions, and one animal developed both degree 3 and degree 4 ( Figure 1c ) adhesions, respectively (P < 0.001). In group 3 (HA/CBMC), five animals did not develop adhesions (degree 0), six animals developed degree 1 adhesions, and one animal developed degree 2, 3 and 4 adhesions, respectively (P = 0.001). In group 4 (vitamin E + HA/CBMC) six animals did not develop adhesions (degree 0), four animals developed degree 1 adhesions and one animal developed degree 2, 3 and 4 adhesions, respectively (P > 0.001) (Figure 2 ). The comparison between groups 2, 3 and 4 showed no statistically significant difference in adhesion formation (Figure 2 ). 
Discussion
Intraperitoneal adhesions are a major complication of abdominal surgery. They can result in intestinal o bstruction, in turn leading to the need for further complicated interventions with increased surgical time, the increased possibility of lesions in other organs 7 , and the consequent increase of the morbid-mortality of these patients. Nearly 40% of intestinal obstructions 19 , and nearly 70% of small intestine obstructions in Western countries occur due to postoperative adhesions.
Various agents have been studied to prevent the formation of adhesions, including the use of antiinflammatories, antioxidants, anti-coagulants and fibrinolytics 20, 21, 22, 23, 24 . However, bioreabsorbable physical barriers such as sodium hyaluronate carboxymethylcellulose 25 (Seprafilm, Genzyme, MA), polylactic acid 26 (SurgiWrap, MAST ) and cellulose 27 (Interceed, Johnson) are the most utilized methods in clinical practice. These barriers reduce the formation of adhesions by limiting contact of the tissues post surgery, and particularly during the period in which they are formed 28 , namely between the seventh and tenth postoperative day. It has been shown that this period is crucial in preventing adhesion formation 29 . Although these barriers are currently the most utilized methods in clinical practice, their use is limited in our setting due to their high cost.
Vitamin E presents interesting biological proprieties and activities for preventing intraperitoneal adhesions. It demonstrates numerous in vitro effects such as (1) acting as an anti-oxidant by cleaning the free radicals created locally and inhibiting the enzymatic peroxidase and non-enzymatic lipids, thus protecting the cell membranes from oxidative degradation 30, 31 , (2) acting as an anti-inflammatory agent due to the inhibition of cyclooxygenase-2 (COX-2) and endogen conversion of the arachadonic acid in PGE 2 and PGF 2" 16 , and (3) acting as an anticoagulant by inhibiting the aggregation of platelets and maintaining their stability. Vitamin E inhibits the formation of thrombus, and consequently reduces the formation of fibrin, which is thought to play an important role in the formation of peritoneal adhesions 30, 32 , and has an anti-fibroblastic effect, inhibiting the action of TGF-beta, a powerful fibrosis inductor, while still playing a role in diminishing the production of collagen 16 . The oral and intramuscular administration of vitamin E in the prevention of adhesions has produced conflicting results 30, 31, 33, 34 . However, the intraperitoneal administration of vitamin E, has proved to be a safe and efficient means of preventing intraperitoneal adhesions 16 , and its cost is much lower than that of the bioreabsorbable barriers.
This study shows that the intraperitoneal administration of vitamin E is as efficient as the CBMC/HA membrane in reducing the formation of postoperative adhesions, confirming the results of a previous study 16 . We showed that vitamin E, using olive oil as a diluting vehicle, reduced adhesion formation by 80% compared with other groups, including the group where only olive oil was used intraperitoneally.
Conclusion
The intraperitoneal use of vitamin E is as efficient as the bioreabsorbable barrier, HA/CBMC, in inhibiting the formation of postoperative adhesions. A notable advantage of this, particularly in our setting, is the cost of the vitamin E, which is much lower than the HA/CBMC barrier.
FIGURE 2 -A comparison of intraperitoneal adhesion
formation in Wistar rats where the control group (group 1) received no treatment (n=15), group 2 received intraperitoneal vitamin E (vit E) (n=15), group 3 received a sodium hyaluronate/ carboxymethylcellulose (HA/CBMC) barrier membrane (n=14), and group 4 received both vitamin E and the HA/CBMC barrier membrane (n=13). The degree of lesion formation, based on a score of 1-4, is indicated
